Endothelial nitric oxide synthase deficiency in mice results in reduced chondrocyte proliferation and endochondral bone growth.
Nitric oxide (NO) and aberrant chondrocyte differentiation have both been implicated in the pathogenesis of osteoarthritis, but whether these processes are connected is unknown, and the role of specific NO synthase (NOS) enzymes in chondrocyte physiology is unclear. This study was undertaken to examine the effects of inactivation of endothelial cell NOS (eNOS) on cartilage development in mice. Skeletal growth and development of mice carrying a null mutation in the eNOS gene was compared with that of their control littermates. In situ analyses were complemented by experiments with primary chondrocytes and tibial explants from these mice. Mice that were deficient in eNOS showed increased fatality and reduced bone growth, with hypocellular growth plates and a marked reduction in the number of proliferating chondrocytes. In vitro studies demonstrated lower chondrocyte numbers and reduced endochondral bone growth in mutant mice, suggesting that the role of eNOS signaling in chondrocyte proliferation is cell autonomous. Reduced chondrocyte numbers appear to be caused by decreased cyclin D1 and increased p57 expression in mutant mice, resulting in slower cell cycle progression and earlier cell cycle exit. In addition, expression of early chondrocyte markers such as SOX9 was reduced, and prehypertrophic markers were expressed prematurely in mutant mice. Our findings identify a novel and important role of eNOS in chondrocyte proliferation and endochondral bone growth and demonstrate that loss of eNOS results in premature cell cycle exit and prehypertrophic chondrocyte differentiation during cartilage development.